The identification and classicization of both natural and anthropogenic atmospheric aerosols originating from different region is becoming very useful when dealing with effect of air quality. Different areas may encounter the problem of dust storm events which is harmfully to the environment and human health. This thesis works focused mainly on the evaluation of level 1.5 data from Sunphotometer remote sensing to understand the micro-physical aerosol optical features which includes the time series analysis, aerosol properties, absorption and its classification for the hot dry season (December-February), intermediate to heavier rainy season (March-May), the cooler dry season (June-August) and short rains season (September-November). The annual mean aerosol optical depth (AOD) and extinction Ångström exponent (EAE) were 0.27 ± 0.17 and 1.01 ± 0.33 respectively. It was observed that mixed aerosols type was more dominance followed by the biomass burning (BB) and urban-industrial (UI) aerosols. During hot dry season, the mean values of AOD were observed to be higher than those recorded during rainy period. The volume size distribution graphs clearly indicate a bimodal whereby fine mode was more prevailing in hot dry season whereas coarse mode dominated in rainy season.
Introduction
Atmospheric aerosol is the suspension of liquid and solid particles with varying diameter mostly range from a few nanometers to tens of micrometers in the atmosphere and according to their size, aerosols may be classified into three categories viz. a) Nucleation mode particles (0.001 -0.1 µm radius), b) Accumulation mode particles (0.1 -1.0 µm radius) and c) Coarse mode particles (greater than 1.0 µm radius). Atmospheric aerosol particles play important role in solar radiation budget, climate change, hydrology process, air quality and visibility through the effect of scattering and absorption of incoming solar energy from the sun [1] . One of the most commonly characterized aerosol properties is the Aerosol Optical Depth (abbreviated by AOD), defined as the integration of the extinction coefficient over a vertical column of unit cross section [2] .
Much progress has been made during recent years in ground based remote sensing of aerosol optical properties across the world. The comprehensive Sunphotometer ground-based remote sensing networks such as the Aerosol Robotic Network (AERONET; e.g., [3] ) have been widely established and produce a continuous datasets in various parts of the globe. Therefore, there is availability of continuing AOD time series with very high temporal resolutions from some of these selected stations through the global network of ground-based radiometers [4] .
This study firstly examined the yearly and seasonal variations of the optical and micro physical properties of aerosols for ICIPE Mbita using AERONET data which included the Aerosol Optical Depth (AOD), Extinction Ångström Exponent (EAE), Single Scattering Albedo (SSA), Asymmetric Parameter (ASYM), Total amount of Precipitable Water (TPW) and aerosol volume size distributions. Secondly, major aerosol types were classified by using the Extinction Ångström Exponent (EAE) and Absorption Ångström Exponent (AAE). Lastly, the source and sinking points of aerosol particles were identified within the area of interest.
Method, Site and Area of Study

Method
Daily averages of AOD, EAE, SSA, ASYM, AAE, and the TPW and aerosol volume size distribution were calculated firstly based on the number of days with data, number of instantaneous data and then the monthly mean were obtained by calculating the average of the total number of days of a given month independently from the year. Finally, the monthly and seasonal means were analyzed to characterize the column-integrated aerosol properties Figure 1 . The relationships of AAE vs. EAE were applied to infer the dominant aerosol types. AAE were calculated by using absorption AOD at 440, 675, and 870 nm versus wavelength at the logarithmic scale whereas EAE were also calculated from a linear regression of the same three mentioned wavelengths. The combination spectral difference between EAE (440 -675) nm and EAE (675 -870) nm were used as a graphic method for tracking mixtures of pollution containing dust based on
AODs at a few wavelengths which was a good indicator to fine mode effective radius [5] . The seasonal aerosol size distributions binned by AOD was used to determine the variation of fine and coarse aerosols with increasing AOD. A straightforward graphical framework spaced on δα vs. EAE were employed to track mixtures of pollution aerosol with dust, to distinguish aerosol growth from cloud contamination and to examine aerosol humidification and finally a 120 hour back-trajectory calculation using the NOAA HYSPILT model was also used the influence of lake-terrestrial air mass exchange [9] , but also are affected by dust aerosols caused by the transport highways and biomass burning from the nearby rural areas.
Site Description
Area of Study (Figure 2) Data
The data for the above mentioned station was obtained from the Air Recourses Laboratory HYSPLIT MODEL http://www.ready.noaa.gov/index.php and AERONET dataset (https://aeronet.gsfc.nasa.gov/new_web/units.html) and level 1.5 all points' format data were used in this study. The level 1.5 data derived from the version 2 direct sun algorithm were used to analyze the AOD, EAE and TPW. The level 1.5 SSA, ASYM, and aerosol volume size distributions were derived from the version 2 inversion algorithm [10] . Table 1 and Table 2 are the statistics of sun direct and inversion data for the AERONET ground station which shows the distribution of the data counts over different months and years. From Table 1 , it shows some months with higher recoded days with data, for example in December 2016, the days with data were 27/31 whereas some days were with no recorded data. Because of daily changes of the local weather, the presence and the passage of clouds frequently interrupts clear-sky data leading to fewer days with recoded data. There is a direct relationship between the days with observed data and days with instantaneous data as it is clearly shown in Table 1 and Table 2 . As the number of observed days with data increases, there is also an increase days with instantaneous data though it's not 1:1 ratio. During the hot dry season, most of the atmosphere is sky clear which leads to higher recorded of data as compared to the rainy season with overcast atmosphere. It was observed from 
Result and Discussion
Temporal Variability of Aerosol Properties
The daily variation of AOD440 nm was performed using a time series analysis. Figure 4(c) . This is due to the dominance of fine mode aerosols and low amount of water vapor in the atmosphere during this dry period. Ångström exponent (α) was a measure of the wavelength dependence of AOD and a good indicator of aerosol particle-size. It is clearly depicted from Figure 4 (e) that the values of AAE are high in the dry months and low in the wet months. These results signify the presence of greater contribution of aerosols in the fine-mode to the extinction for the present study period [12] . Lastly the variations in ASYM Figure 4 
Seasonal Frequency Distribution of AOD
Aerosols Volume Size Distribution
Due to the breakup of large particles which have originated from multiple sources of particles, it is evident that these particles have grown growth mechanisms in the system which leads to bimodal graphs. From Figure 6 , it is evident that the seasonal variation of aerosols volume size distribution at 440 nm in the rural area of Mbita are mainly of natural origin but with a moderate of influence of anthropogenic sources. The number of distribution is characterized by two modes at a radius of 0.25 to 0.3 µm for fine mode while the mass distribution for coarse mode is centered on 7 to 7.5 µm for all the four seasons. 
Major Aerosol Types
Different aerosols in the atmosphere can be classified into different types by using scatter plot techniques centered on their abundance such as AOD against α. AOD vs α which are both the functions of wavelength was preferred for this work because there was large instantaneous availability of data as compared to other cases like FMF, AAE and SSA which have averaged daily data as it was suggested by [14] . Five different classes of aerosols were identified by these tech- of scattered points were grouped as mixed aerosols. It can be seen that aerosols originated from marine environment corresponding to (26.1%) of 3,554 because ICIPE Mbita station is situated next to Lake Victoria. This work emphasizes on obtaining the area of interest-scale characterization of the aerosol properties. It can be seen that small differences in the dAE vs α plots revealed establishing homogeneity in aerosol load although there was also present of small percentage of heterogeneity in aerosol load. The more positive dAE with increasing AOD is an indication of coarse-mode dominance under high AODs. As seen in Figure 8 , even though several conclusions regarding these aerosol characteristics over ICIPE Mbita are apparent, the small scatter in the data leads to small visual uncertainties.
Classification of Aerosol Type
Hysplit-4 Trace the Source of Dust Aerosols
In order to understand and monitor the major sources of pollutants arriving at ICIPE Mbita, The Hybrid Single Particle Lagrangian Integrated Trajectory Model (HYSPLIT) [6] [7] of NOAA for backward trajectories analysis. The data was chosen based from Table 1 and Table 2 number of instantaneous data of 75. A 120 hours (5 days) back trajectories at different altitudes of 1,130, 2,000 and 3,000 meters above mean sea level was used since this station is at an altitude of 1,125 m. Generally, observations show Figure 9 shows most of the trajectories were originated from the southern hemisphere from south east direction. Figure 9 (a), the trajectories at the altitude of 1,130 m amsl (red cycles) starts from the coastline of Mozambique in Indian Ocean and propagates along the coastline of Tanzania as it enters into Kenya, located at the border of Tanzania and the coast side of Kenya [15] [16] . This trajectory passes through industrial, agricultural and urban areas of Kenya toward western region of Kenya which might have carried large amounts of fine mode particles and industrial pollutants. For the trajectories, the altitudes of 2,000 and 3,000 originate from the central Ethiopian highland and Saudi Arabian respectively. These trajectories propagate through the arid and semi-arid regions of Kenya, which brings in dust aerosols with them. Figures 9(a)-(d) shows air masses except level of 3,000 m from the 2 nd week until the 5 th week and for the Figure 9 . 120 hours HYSPLIT backward trajectories ending at 00Z over ICIPE_Mbita at different altitude of 1130 (red cycles), 2,000 (green cycles) and 3000 (blue cycles) meters amsl for week 1 to week 5 (a) to (e) 2015 July, while (f) is wind flow patter on week 4. converges into western parts of Kenya leading to more concentration of sea salts and dust particles to the study area.
Summary and Conclusion
This study focused on the aerosols classification and aerosol identification source regions through backward trajectory analysis using Sunphotometer ground based and HYSLPIT data. The Aerosol optical and micro-physical distinctive, size distributions and trajectories analysis of the aerosols measured on-board have been summarized. These results have been discussed in detail. Table 1 and Table 2 show the results for both number of days and number of instantaneous data for the ICIPE Mbita AERONET site in Kenya whereby it was observed that there was missing data for few months due to the malfunction of the measuring instruments. Aerosols of optical and micro-physical characterization which are of great importance especially for the identification of dominance aerosols were studied and its physical properties were determined, indicating differences in composition.
From the analysis of the seasonal frequency distribution, all the four seasons indicated a unimodal distribution of AOD while the seasonal variation of AOD shows an inverse proportionality between the wavelength and the AOD values.
This technique was useful for this research. An additional multipurpose tool of dAE vs AE classification scheme was utilized for this research work. This scheme aided in exploring the information on aerosol-particle size for different aerosol types. This revealed that mixed and marine aerosols were dominant in this area whereas biomass burning/urban-industrial and dust aerosols were of minimal influence ( Figure 7(b) ).
The monthly variation of AOD 440 nm presents significant seasonal variations with two peaks appearing in JJA and DJF seasons. The High AOD during hot dry periods was associated with high marine aerosols and higher temperatures leading to high evapotranspiration rates from the nearby Lake Victoria Figure 2 and mixed local aerosols. Secondly the local mixed emissions were associated with the dominance of fine mode particles while in rainy season coarse particles were predominant. Through the application of HYSPLIT model and simple winds analysis techniques, Figure 9 and Figure 10 show that the measuring site is affected by aerosols from difference sources both from nearby surrounding while others come from miles far away.
